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INTRODUCTION 
History and Incidence 
Rheumatism i s  derived f rom the Greek wo rd rheumat i smos, meaning 
mucus . I t  wa s bel ieved that mucus, an evi l  humor, flowed from the b rain 
to the joints and other portions o f  the body, p roducing p a in . I t  i s  one 
o f  the oldest known diseases  in history . Earliest  reco rds o f  its  
exi stence a re preserved in fos s i ls . Mul tiple s i tes  o f  a rthrit i s  we re 
seen in p la teacarpus, la rge swimming rep t i l e s  dating back to 
1 00,000,000 B . C .  (Murphy, G .  E . ,  1943 ) . Chron i c  a rthrit i s  of the spine 
was noted in the Ape Man o f  the P l iocene period, 2,000,000 B . C . , in the 
Java and Lans ing Men of 500,000 B . C . ,  and in the Egyptian mummies o f  
8,000 B . C .  (Osgood, 1940 ) . A t  the hei ght o f  the Roman Empi re, 3 0 0  A . D . ,  
citizens o f  the day were known to frequent the baths i n  an e ffort to 
cleanse themselves o f  the pain a s s ociated with rheumat i s m .  I t  w a s  not 
unti l  the late 1500 ' s  that the te rm rheuma tism came into use . The recog­
nition o f  rheumatism a s  a c l inical  ent i ty i s  generally attributed to 
Gui l laume de Ba i l lou ( 1 538- 16 16 ) . The term ha s evolved through the 
years . I n  present day med i cine, any cond i t ion in which pain and s t i ff­
nes s  o f  the mus culoske letal sys tem i s  p rominent i s  c l a s s i f ied a s  a 
rheumatic disease . When joints a re the major seat o f  the rheumat i c  
d isease, then the term a rthr i t i s  i s  app l ied . 
Over thi rty m i l l ion peop le in the United States suffer from s ome 
fo rm o f  a rthr i t i s  (Freese, 1 9 78 ) . The impact this crippl ing disease  ha s 
on the nat iona l economy i s  reflected in hea l th survey figures which s how 
fifteen m i l l ion lost  workdays per yea r (Freese, 1978 ) . The re i s  no 
known cure or prevent ion for this disease . 
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Anima l Arthridites  
Arthri t i s  o ccurs natura lly in both wild and dome s t i cated anima l s . 
Because o f  the e conomic intere s t  to breeders , research ha s been done on 
the pathogene s i s  o f  arthr i t i s  in several o f  these  natura l ly-occurring 
sys tems . The mos t  notab le examp l e  i s  a rthr i t i s  o f  swine ( Sike s , 196 1 ) . 
Mycopla sma hyorhini s ,  one o f  the etiologic  agents o f  swine arthriti s ,  
was first  recognized by Switzer ( 1 953 ) . Histopathology done on the 
involved joints of these  anima l s  showed chroni c  synovial  membrane changes , 
cellular  infi ltration o f  the synovia , and pathologic  bone changes s imi lar  
to those seen in human a rthritis  patients (Robe rts , Switze r , and Ramsey , 
1963 ) . Experimenta lly , injection o f  l ive mycop lasma a re a l s o  known to 
p roduce po lyarthri t i s  in mice ( Co l e , Wa rd , Jones , and Cahi l l , 19 7 1 ) , 
rats (Wa rd and Jones , 1962 ) , and rabbits  (Cole , Griffiths , E ichwa ld ,  and 
Wa rd , 1 9 7 7 ) . The exact mechanism of synovial inflammat ion rema ins to be 
dete rmined . With the use of p roper cultura l techniques , mycoplasma can 
be recultured f rom nearly a l l  o f  these  involved joints , even a fter 
l engthy interva l s , implying an infectious etiology . 
Erys ipelas  Arthri tis  o f  Swine 
Another extremely interes ting form o f  natura l ly-occurring a rthr i t i s  
o f  t h e  swine which has a l s o  been induced expe rimentally i s  Erys ipe las  
a rthr i t i s  ( C o l l ins and  Go ldie , 1940 ) . Thi s  i s  a polya rthri t i c  cond i t ion 
chara cterized by lameness , we ight los s , and swo l len , deformed joints in 
the extremities . Histopatho l o g i ca l l y ,  the changes s een in these  animal s  
a re s imilar  to those  found in human rhematoid a rthrit i s . Organi sms can 
be recovered early in the infection when e rythematous skin l e s i ons a re 
present , but cannot be i s o lated during the chronic  a rthri t i c  s tages o f  
the disease . I n  some cases , the chroni c a l ly a rthri t i c  anima l s  a l s o  
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manifest  a vegat ive endocard i ti s . The causative agent appears to be 
Erys ipe lothrix ins idiosum ,  a highly adaptable microaeroph i l i c  organism . 
Some o f  the intere s ting aspects o f  this model expe riment a l ly include : 
(1)  the abi l i ty to induce the a rthrit i s  with inj ections o f  non-viable 
�- insidiosum (Freeman , Segre , and Berman , 1964) , ( 2 )  the abi l i ty to 
induce it with i nj ections of sterile  Erys ipe lothrix antigens (Freeman 
and Be rma n ,  1964a ) , ( 3 )  the abi l i ty to induce synovitis  by intra­
articular i nj ection o f  sterile  Erys ipelothrix antigen into anima l s  
rece iving pass ive t rans fer o f  sterile immune serum (Freeman and Be rman , 
1964b ) , and ( 4 )  the increased severity seen in pigs va ccina ted prior  to 
inj ection of  viable o rgani sms (Freema n ,  1964 ) . 
C l inical  les ion resemb l ing those s een in synovium o f  rheuma toid 
a rthri t i s  patients can also be induced in rabbits  by intravenous in­
j ection o f  sterile  cel l - free aqueous extracts o r  heat-kil led cultures of  
�- insidiosum (White , Pul s , and Mirkitani , 1971 ) . Using fluorescein­
tagged anti -Erys ipe l othrix antisera , spe c i f i c  anti gen wa s found 
local ized in the synovi um . I t  was found to pers i s t  at this s ite long 
enough to initiate an inflammatory response (Whi te , Pul s , and Mirkitani , 
19 71 ) . 
Streptococcal  Arthri t i s  
Ano ther mode l system o f  cons iderab l e  impo rtance i s  the strepto­
cocca l c e l l  wa l l  system advanced by Schwab and co-workers . This mode l 
system has been estab l ished in several anima l species . I ntra-articular 
inj ection o f  cell  wa l l  fragments o f  Group A s t reptococci  leads to 
a rthr i t i s  in rabbits  ( Schwab , C roma rtie , Ohanian , and Craddoc k ,  196 7 ) .  
A s ingle intraperitoneal i nj ection o f  cell  wa l l  fragments o f  Group A 
s treptococ c i  in mice leads to panca rditis  with rheumat i c  fever- l i ke 
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cardiac les ions ( Ohanian , Schwab , Croma rtie , 1969 ) . I n  rats , intra­
per i tonea l inj ection o f  cell wa l l  fragments in forty-eight hours 
deve lops into a rthritis  which undergoes periods of remis s ion and exacerba­
tion ( Croma rtie , C raddoc k ,  Schwab , Anderle , and Yang , 1 9 7 7 ) . Who l e  
heat-k i l led s treptococcal c e l l s  inj ected intrape ritonea l ly a l s o  l e a d  t o  
a rthrit i s  i n  the rat , b u t  with a much l ower incidence that requi res a 
longer latent period . Immunofluores cence o f  a rticular t i s sues o f  these  
rats showed C-polysaccha ride antigen o f  Group A streptococci  pers i s ted 
up to 63 days a fter inj e ction ( C roma rtie , C raddock , Schwab , Anderle , and 
Yang , 1 9 7 7 ) . The p re sence of this group spec i f i c  ca rbohydrate s ide 
cha in i s  requi red to i nduce a rthri tis  ( Schwab , C roma rtie , and Roberson , 
1959 ) and the chroni c i ty o f  the les ion seems to correlate with the 
pers i s tence of the peptido glycan-po lysaccha ride comp lex in macrophages 
in s itu (Ohanian and S chwab , 1967 ) . 
Adjuvant Arthri t i s  
Ove r the l a s t  25 yea rs much work has been done on adj uvant- induced 
a rthr i t i s . This experimentally induced a rthr i t i s  mode l i s  only seen in 
rats and suscep t i b i l i ty di ffers in the va rious s t ra ins (Kohashi , Pearson , 
Beck , and Alexande r ,  1 9 7 7 ) . The c l a s s i c  method for inducing adj uvant 
a rthr i t i s  is by a s ingle inj e ct ion of Freund ' s  comp lete adj uvant ad­
mini s te red intraderma l ly (Pea rson , 1956 ) . 
Freund ' s  comp lete adj uvant i s  an emuls ion o f  an aqueous suspension 
o f  k i l led mycobacteria and mineral o i l .  The a rthritogenicity of this 
compound has been s tudied extens ively . I t  appears that a c t ivity lies  in 
Wax D,  a comp lex pept idoglycol ip i d  extracted from the mycoba cteria cell  
wa l l .  Furthe r subfractiona t i on shows that the amino acids  o f  the pep­
tide chai n  bear the activity (Wood , Pearson , and Tana ka , 1969 ) . 
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Arthrit i s  appears in the rat 1 2  to 14 days pos t-inj ection .  The 
intensity of the reaction has been shown to wax and wane for weeks . The 
response may be pas s ively trans fe rred with immune , lymph node or spleen 
c e l l s , but not with immune s erum (Pearson and Wood , 1964) . I t  has been 
hypothes ized that adj uvant disease  is the result of a delayed hyper­
s ensitiv i ty reac tion to dis s eminated antigenic cons t ituents o f  the 
inj ected mycobacteria . 
Conclusions f rom anima l arthritides 
Erys ipelothrix a rthrit i s , streptococcal cell  wal l  induced 
arthritis , and adj uvant-induced arthritis are a l l  laboratory model s  o f  
chronic , recurrent synovitis . The histologic  changes seen in the j oints 
of these  anima l s  mimic those  of the human disease . Scientists doing 
human and anima l resea rch on a rthritis have l ong been sea rching for an 
infectious o rganism which would ful fi l l  Koch ' s postulates , thus es tab­
lishing a causa l relationship between a spe c i f i c  microorganism and 
rheumatoid a rthritis . Tha t relationship is not seen in these  animal 
mode l s , and the l itera ture to date on human research i s  equivoca l . 
I t  has been postulated that the bacterial factors involved in the 
etiol ogy of rheumatoid a rthr i t i s  may be the persistence of non-bio­
degradable mic robia l cell  wa l l  components (Hadle r ,  1 9 7 6 ; Ginsburg , 
1 9 7 7 ) . Thi s  postulate o ffers a p l ausibl e  explanation for the inabi l i ty 
to i denti fy an infectious caus a tive agent f rom a rthriti c  sites. To 
evaluate this exp l anation more thoroughly , a close  look a t  the litera­
ture on antigen retention in j oints and on collagenous surfaces i s  
warranted . 
Fate o f  I njected Antigen 
Some of the ea r l ie s t  anima l work conce rning the rel a tionship 
between the introduction o f  simpl e  p rotein ant i gens and the appea rance 
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o f  antibody sugges ted that rap id antigen e l imination from the blood 
immediately p receded the appearance of  detectable antibody (Hawn and 
Janeway , 1947 ; Ta lmage , Dixon , Buka rtz , and Cammin , 195 1 ) . As techniques 
imp roved , howeve r , it wa s found that sma l l  amounts of catabol izable 
antigen could pers i s t  in t i s sue for long periods o f  t ime a fter the 
appea rance of antibody ( Campbe l l  and Garvey , 1963 ; Nossal and Ada , 19 7 1 ;  
Tew , Mande l and Burges s ,  1 9 79 ) . Thes e  two concepts a re now commonly 
referred to as immune e l imina t ion and immune retention . Recent work 
us ing a mouse model system re inforces these  phenomena . When HSA - immune 
and non-immune mice were inj ected with 125I -HSA , the radiolabel was 
c l ea red f rom the l ive r ,  lung , kidney , b lood and urine of a l l  mice 
( immune e l imination) . I n  contra s t , the spleen , lymph nodes , and feet on 
only the immune mice retained s ignificant rad io label ( immune retention) 
for  l ong periods o f  time (Tew , Mande l , and Rice , 1980 ) . 
Retained radiolabel ha s been shown to be a rel iable ma rker for 
intact antigen in s everal s tudies (Cooke , Hurd , Z i f f , and Ja s i n ,  1982 ; 
Ho l l i s te r  and Mannik , 1 9 74 ; Tew , Mande l ,  and Rice , 1 9 80 ) . Us ing 
guanidine hydrochloride , the reta ined radiolabel wa s e luted f rom the 
t i s sues . The immunologic identity o f  the e luted radiolabel was then 
determined . I t  was found that 88-92% of the so lub i l ized radio label 
could be speci f i c a l ly cop re c ip i ta ted w i th antibody d i rected against the 
o riginal anti gen . The eluted radiolabel was further shown to actua l ly 
represent intact antigen in its  native form (Tew , Mande l ,  and Burgess , 
1 9 79 ) . A portion o f  the solub i l i zed radiolabe l wa s used for gel 
f i lt ra tion chromatography . The peak obta ined f rom the e luted radiolabel 
was found to be i nd i s t inguishabl e  from the peak of  na tive HSA run under 
i denti c a l  cond i ti ons . 
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Antigen Ha l f-Life 
Repo rts have been published dealing with antigen retention on 
c o l l a genous tis sues of several anima l species . Rabbits , p revious ly 
immunized with EA o r  BSA , were inj ected intra-articula rly with the same 
antigen labeled with 125! .  At va rious time points post-inj ection , 
autoradiography was done on tis sue sections from the excised j oints . 
The radiolabel found in the synovia l fra ction decreased rapidly over a 
six-week period whe reas the radiolabel in the collagenous tissue re­
mained cons tant over the same period ( Cooke , Hurd , Ziff , and Jasin , 
1 9 7 2) .  I n  later experiments , more p recise e limination patterns o f  the 
radiolabe l were obtained using an externa l p robe . Consistent with the 
immune e limination theory , for the first  five days immune anima l s  
e liminated radio labe l led antigen four times f a s t e r  than norma l animals or 
anima l s  immunized with a heterologous antigen . However ,  for the 
duration of the expe riment ,  while ve ry little  additional antigen was 
e liminated by immune animal s , between days 10 and 14 control rabbits 
showed rapid antigen e limination , coinciding with the devel opment of a 
primary response to the inj ected radio label led antigen . The ha lf- life 
for intra-a rticular antigen in this sys tem was calculated to be 20 days 
(Cooke and Jasin , 1 9 7 2) .  
Ano ther group , studying the duration o f  antigen inj ected into the 
knees  of immune rabbits ,  determined the ha l f - life of the inj ected 
antigen by counting the radiolabel found in the dissected tissue in an 
automatic wel l - type gamma counter . The ha l f-life o f  the inj ected 
125!-HSA was a s  fol lows : menis cus , 141 days ; a r ticular ca rtilage , 3 1  
days; ligaments , 1 7  days; synovium , 8 days ; and synovial fluid , 4 days 
(Hol lister and Mannik , 1 9 7 4) .  
8 
Ant i gen ha l f - l i fe s tudies  were a lso done in mice by fol lowing the 
kineti c s  of c l ea rance of l25 I -HSA inj ected in the immune anima l . As in 
the rabbi t  system , a b ipha s i c  retention pattern wa s obta ined . 
I ni t i a l l y ,  antigen was cleared rapidly f rom a l l  s ites by macrophages , 
T� = 2 hours . However ,  in the second pha se long-term retention o f  
rema ining antigen w a s  seen in the lymph nodes  and feet . Cal culations 
based on radiolabel reta ined at the s ite during the second pha se of 
retention show that the ha l f - l i fe of antigen in the lymph nodes was 
8 . 1  weeks and in the foot wa s 6 . 1  weeks (Tew and Mande l , 1 9 79) .  
Criteria  for Ant igen Retention in Collagenous Tis sues 
With reports appea ring in the l i te rature that s impl e  prote in 
anti gens could be reta ined in immune anima l s  for long periods of t ime , 
intere s t  turned to the bas i s  for this retent ion . S ince i t  was known 
that antigen retention occurred only in immune anima l s , the nature of 
this immuni ty was the first a rea to be invest igated . Norma l rabbits  
were pas s ively infused with  pur i f ied rabbi t  anti - BSA ant ibody . 
Late r ,  125I - BSA was inj ected in both the expe rimental anima l s  and in the 
control anima l s . T i s sues f rom the pass ively immunized rabbits  reta ined 
s i gn i f i cantly more antigen than the control anima l s  ( Ja s in ,  19 75) . I n  
other pass ive transfer expe riments ,  spe c i fi c  autologous immune p lasma 
was admini s te red intraperitone a l ly to norma l mice . These  mice we re then 
inj ected in one foot with 1 25I -HSA . Radiolabel was found in the foot 
and dra ining lymph node of the inj ected side . Thi s  i s  the s ame pattern 
of retention that was seen with the actively immunized mice . I n  addi­
tion , the l evel of radiolabel at these s ites i s  again seen to rema in 
stable for long periods of t ime (Tew , Mande l , and Miller , 1979) .  I t  
appears f rom this work that antigen retention i s  mediated by antibody 
a lone . 
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Confirmation o f  the role o f  humoral  immunity came from studies 
conducted in the nude mouse . Hyperimmune se rum was passively trans­
ferred to nu/nu miae . As in the previous experiment , these mice we re 
inj e cted with 125I -HSA and monitored for the quantity of radiolabel 
retained . Antigen retention in the lymph nodes o f  these athymic mice 
was comp a rable with the level s  seen in the pas sive trans fer experiments 
conducted in norma l mice . Interestingly , level s  o f  antigen retention in 
the feet o f  nu/nu mice wa s greater than that seen in eithe r actively o r  
passively immunized normal mice (Tew , Hande l , and Hil le r , 1 9 79 ) . Thus , 
it would appear that antigen retention does not require the pres ence o f  
T - ce l l s  o r  T - c e l l  factors and i s  only dependent on the presence of  
antibody . 
The nature of this antibody was the next area of maj o r  interest . 
Rabbits were twice immunized with HSA emulsified in FCA . Subsequently , 
the anima l s  received 125I - labe l led HSA o r  EA intra-articularly to deter­
mine the specificity o f  antigen retention . Radiolabel wa s only found to 
persist in HSA-immune rabbits cha l lenged with HSA intra - articula rly . I t  
appea rs , therefore , tha t the antibody mus t b e  directed against the 
cha l lenging antigen for long-term retention of that antigen (Ho l lister 
and Hannik , 1 9 7 4 ) . 
I n  later experiments , it wa s determined that antigen retention 
could take place  in vivo (Tew , Hande l , and Hil l e r ,  1 9 7 9 )  or in vitro 
(Hollister and Hanni k ,  1 9 7 4 ; Teuscher and Dona ldson , 1 9 79 ) , when only 
the F (ab ' ) 2 portion of the antibody molecule was present . Consistent 
with these results , antigen retention wa s norma l in a ctively or pas­
sive ly immunized mice which have been decomp l emented with cobra venom 
factor ( Tew , Hande l , and Hil ler , 1 9 79 ) . It would s eem , therefore , that 
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comp lement i s  not necessary to obtain ant i gen retention in col lagenous 
t i s sues , a lthough compl ement is requi red for binding and retention of 
antigen in the spleen ( Papamicha i l , Gutierrez , Emb l ing , Johnson , 
Holborrow , and Pepys , 1 9 7 5 ; Klaus and Humphrey , 1 9 7 7 ) . 
Mechanism of Antigen Retent ion in Col lagenous Tis sues 
Ant igen has been shown to be retained for long periods of time on 
s everal types of col lagenous t i s sue including meniscus , a rticular  
carti lage and l i gaments of the knee , and the extensor and flexor tendons 
of the feet . Electron microscop i c  radioautography of tendons retain­
ing 125I -HSA indicated that the pers i st ing radiolabel was not cel l ­
a s sociated but wa s local ized on the tendon and o n  the tendon sheath 
(Tew , Mandel ,  and Rice , 1980 ) . Immunofluores cence s tudies  on antigen 
retained on a rt i cular surfaces showed I gG and C3 in c lose a s sociat ion 
with the anti gen . These  results led to the hypothes i s  that reta i ned 
antigen pers i s t  in the form of antigen-antibody complexes ( Cooke , Hurd , 
Z i ff , and Jas i n ,  1 9 72 ) . 
The mechanism of deposition and format ion of the se immune comp lexes 
in col lagenous t i s sues was subj ected to further s tudy . I n  one such 
extens ive in vitro s tudy norma l rabbi t  col lagenous t i s sue from diverse 
origins including the eye , meninges , kidney , vas cular system , skin , 
mus cl e , and four types of carti lage were studied . Free antibody and 
free antigen we re found to penet ra te a l l  t i s sues and form immune com­
plexes . I t  did  not matter whether antibody or antigen was p resented 
f i rst . Pre- formed immune comp lexes , however ,  a re not reta ined except in 
the case  of mus cle  (Teuscher and Dona ldson , 1 9 79 ) . 
These  results were ver i f ied in vivo by two other groups working 
with rabb i ts . Sequenti a l ly admini s tering antibody and then antigen into 
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norma l animal s  p roduced greater retention o f  anti gen , and the bound 
anti gen was more res i s tant to washing . Therefore , it appears that i n  
immunized anima l s  antibody f i r s t  b inds to j o int carti lage , and then 
immune comp lexes form within the carti lage ma trix (Ho l l i ster and Mann i k , 
1974; Jas in , 1975 ) . 
Consequences o f  Retained Ant igen a t  Collagenous S i tes 
In 1962 , Dumonde and Glynn reported that they had succes s fully 
p roduced a rthrit i s  in rabbits  a s  a consequence o f  an immunologic  re­
a ction to fibrin .  Rabbits  were immunized with human or autologous 
fibrin i n  FCA , and then given a s ingl e  inj ection of the s ame type f ibrin 
intra - a rt i cu l a r ly . Histology o f  the knee was followed at various time 
points . The chronic  changes seen in these  anima l s  bear a striking 
resemblance to the synovi t i s  seen in rheumatoid a rthritis  (Dumonde and 
Glynn , 1962 ) . 
As an antigen , fibrin has severa l advantages . F i rs t ,  i t  i s  
natura l ly-occurring denatured protein , and secondly it i s  insoluble and 
w i l l  the re fore pers i s t  locally for a longer amount of  time . Howeve r , 
the s ame general  p rotocol for es tabl ishing experimenta l ly- induced 
a rthr i t i s  has been repeated in mice as wel l  as in rabbits , us ing a 
va riety o f  s imp le p rotein ant i gens such a s  BSA ( Ga l l  and Ga l l , 1980 ) , 
mBSA (Bra ckertz , Mitche l l , and Mackay , 1977 ) ,  EA (Cooke and Ja s i n ,  
1972 ) , HSA (Lowthe r ,  Sandy , Sante r ,  and Brown , 197 8 ) , and BGG (Consden , 
Doble , Glynn , and Nind , 197 1 ) . I t  ha s provided resea rchers with a 
rea d i ly ava i lable , e a s i ly managed anima l  model for s tudying a human 
disease . Commonly referred to as antigen- induced a rthritis , these  
animal s  show hyp e rp l as ia o f  the synovial  l ining , pannus formation , and 
infiltra tion of the j o int with lymphocytes and p la sma cel l s . 
12  
Criteria  for Antigen - Induced Arthri t i s  
Much work ha s been done on the conditions for the development of  
anti gen- induced a rthri t i s . I n  s tudies done in mice to determine the 
spe c i f i c ity of antigen- induced a rthriti s , anima l s  were immunized with 
mBSA o r  mHGG i n  FCA and then inj ected intra-arti cularly with e i the r mBSA 
or mHGG . Arthritic  j oint changes we re only s een when the s ame antigen 
was admini s tered both for immunization and induction . Thus , induct ion of 
a rthritis  in these  anima l s  does not appear to show any cros s - reactivity 
( Bra ckertz , Mitche l l , and Ma ckay , 1 9 7 7 ) . 
In antigen- induced a rthri t i s , anima l s  a re commonly immunized with 
a n  emu l s ion o f  antigen and FCA . I n  s tudies  us ing antigen emuls ified in 
FIA for  immuniza tion , upon cha l lenge no synovitis  devel oped : only a cute 
inflammation (Mena rd and Dion , 19 7 6 ;  Fox and Glynn , 1 9 7 7 ) . However ,  i f  
these  same rabb its  we re reimmunized with antigen in FCA and then re­
cha l l enged , chron i c  a rthritis  wa s seen a s  usua l (Fox and Glynn , 1 9 7 7 ) . 
The c rucial  d i fference between immunizat ion with FCA a s  opposed to FIA 
i s  the deve l opment o f  delayed type hypersens i t ivity with FCA . I t  ap­
pears that de layed type hypersens i tivity i s  neces s a ry for subsequent 
deve lopment of  chroni c histopatho logy . 
The role o f  c e l l s , speci f i c a l ly T-ce l l s , in the exp re s s ion o f  
anti gen- induced a rthritis  wa s reinforced b y  results obta ined in adop t ive 
trans fer experiments . Lymphoid c e l l s  from mESA- immunized anima l s  were 
inj ected into norma l mice . These  mice we re later shown to exp ress  a 
potent delayed type hypersens i tivity reaction as a consequence o f  the 
cel lula r trans fer . When these mice we re cha l lenged with mBSA , a typ i c a l  
antigen- induced a rthritis  wa s seen . I f  the lympho id cel l s  to be adop­
t ively t ransferred were first  treated with anti-Thy- 1 antibody to 
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dest roy the T-cel l s  n o  arthritis developed ;  but if the lymphoid cells  
were first passed through an anti - I g  column to enrich for T-cel l s , a 
much more severe arthritis ensued (Brackertz , Mitche l l , Vada s , and 
Mackay , 1 9 7 7 ) . The devel opment o f  antigen-induced arthritis woul d  
appea r to b e  a T - c e l l  dependent process . 
Fina l ly ,  it should be noted that antigen-induced a rthritis cannot 
be es tablished in a l l  s t rains o f  inbred mice . Studying three strains o f  
mice , i t  w a s  dete rmined that C57B1/6 and BALB/c a re sus ceptibl e  t o  
a rthritis whereas CBA a re relatively resistant to arthritis a s  evidenced 
by histopathologic j oint changes . Hybrid and backcro s s  s tudies show 
a rthritis to be a dominant t rait : one gene linked to the b a llele  o f  
the H - 2  complex  o f  C5 7B1/6 (Bra ckertz , Mitche l l , Ma ckay , 19 7 7 ) . 
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RATIONALE 
The cause ( s) o f  a rthritis  and many other connective t i s sue diseases  
are l a rgely unknown . An infecti ous agent , e i ther bacte r i a l  or vira l , 
has not been unequivoca l ly i s o lated . Theories  on the pathogene s i s  o f  
a rthritis  abound . Many o f  these theories imp l i cate the immune system a s  
the p robl em . 
The early information on animal a rthridites imp l i cates retained 
bacte r i a l  cell wal l  antigens a s  the bas i s  o f  the a rthrit i s  s een . How­
eve r , numerous types of anti gens , both comp lex po lyme rs and s impl e  
p roteins , have been shown t o  pers i s t  in immune anima l s . The antigens 
pers i s t  in the lymph nodes and spleens p laying a role in mediating 
antibody feedback mechanisms . Ant igens a l so pers i s t  in collagenous 
t i s sues of the knees and feet of these anima l s . The role of reta ined 
anti gen at these  s i tes  is unknown . 
I t  i s  p os s ib le to induce arthritis  in immune anima l s  by ad­
ministering ant i gen in the j o int . Drawing from the info rmation 
p resented , I chose  to explore the role of retained antigen on 
c o l lagenous t i s sue in the pathogenes i s  o f  rheumatic diseases . Thi s  
p roj ect  i s  the continuation o f  work begun b y  J .  G .  Tew , T .  E .  Mandel ,  
G .  A .  M i l le r , and A .  W .  Burge s s . Through the i r  resea rch , the groundwo rk 
of  ant i gen retention on the flexor and extensor tendons of immune mice 
was reported . 
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MATERIALS AND METHODS 
Anima l s  
Three d i fferent stra ins o f  mice , CBA/J , BALB/c , and C57B1/6 , we re 
used in this p roj ect . These  strains were chosen for thei r  va ryi ng 
sus ceptibi lity to devel op antigen-induced a rthritis  (Bra ckertz , 
M i tche l l , and Mackay , 19 7 7 ) . The res i s tant strain , CBA/J , was obta ined 
from the Ja ckson Laborator ies , Bar Ha rbor ,  Maine . BALB/c mice , a sus­
ceptible s tra in , were obtained from Flow Laborato ries , Dubl in , Virginia , 
and C5 7B1/6 mice , a l s o  a sus ceptible stra in ,  were obtained from the 
National Institutes o f  Hea l th in Bethesda , Ma ryland . All mice were 
housed in the central anima l faci lities at the Med i c a l  College o f  
Vi rginia . They were fed Purina rodent chow and water ad l ibitum . 
Within a s ingle experiment , the mice were matched for strain , age and/o r 
we i ght , and sex . 
Immunization 
Footpad . Mice  were inj ected with 5 0  �l o f  a 1 : 1 emuls ion o f  heat­
aggregated , Fraction V ,  HSA (20  mg/ml , Sigma #A2386 ) and FCA (Di fco 
#06-38-60- 7 ) , o r , a s  the case in some experiments ,  FIA (Difco #06-39-60 - 6 )  
p e r  footpad . Two weeks later a l l  mice received a second inj ection a s  
before . 
Intraperitonea l .  Mice we re inj ected with 100  � l o f  a 1 : 1  emulsion 
of heat- aggregated HSA (20  mg/m l )  and FCA in the peritoneal cavity . Two 
weeks later a l l  mice received a second inj ection as before . 
Subcutaneous . Mice were i nj ected with 100 �l  o f  a 1 : 1  emul sion o f  
heat-aggregated HSA (20  mg/m l )  and FCA in the loose skin o f  the nec k .  
Two weeks later a l l  mice received a second inj ection as before . In some 
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expe r iments , to obtain anti gen depos i ted on the tendon , the mice we re 
inj ected a thi rd t ime , two weeks later , in one foot with 10 �g HSA/SO �l 
s a l ine and in the othe r foot with SO �l of sal ine a lone . 
Vi rus . Mice we re inj ected with SO �l o f  a 1 : 1  emuls ion of an HSV-1 
vacc ine p reparation (Kitces , Morahan , Tew , and Murray , 19 77) and FCA in 
one footpad .  This dose o f  va ccine repre sented 1 09 PFU o f  HSV- 1 before 
i nactivation and approximately 1 . S mg o f  p rotein . Two weeks later a l l  
mice received a second i nj ection of  vacc ine alone . 
Footpad Mea surement 
The mice to be measured were gently restra ined by an a s s i s tant to 
as sure the measurer free and unencumbered access  to both feet . A 
Starrett micrometer c a l iper  was used to mea sure the breadth of each 
footpad a t  the widest po int on the unders ide of  the foot . Measurements 
were made in trip l i cate at the s tart of each expe riment and at several 
t ime points during the course of  the rea ction , genera l ly at 1,  6 ,  24 , 
and 48 hours a fter the cha l lenge dose of anti gen wa s admini stered . The 
measurements were recorded to the nearest 0 . 01 mm . 
Ca l culations and Sta t i s t i c s  
The mean and s tandard e r r o r  of  the mean o f  the three mea surements 
for each foot were calculated . When anti gen was reta ined in both feet 
a s  a result of  the ini t i a l  immunization procedure , spe c i f i c  swe l l ing , 
recorded in footpad units  ( 1  FP uni t = 0 . 0 1  mm) , wa s calculated us ing 
the following formula :  
Footpad Units  = (LFP t - LFP ) pos pre 
+ 
2 
(RFP - RFP ) pos t  pre 
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T o  determine spec i fi c  swe l l ing when ant igen was reta ined i n  only one 
foot as the result of the initial  immunization procedure , then the 
following formula was used : 
Foot pad units  
Histopa tho l ogy 
= (FP+Ag - FP+Ag ) - (FP-Ag - FP-Ag ) po s t  pre post pre 
Samples  we re immediately p laced in SO% neut ral buffered forma lin 
and s to red at  room tempe ra ture . When t i s sues were suffic iently fixed , 
the spe c i f i c  a rea of intere s t , usua l ly the footpad , was excised and 
processed in an autotechni con . Pa raffin sections were stained with 
hema toxylin  and eosin and then eva luated for the presence of  in-
flamma to ry ce l l s . 
The pro cess ing , embedding , sectioning , and s ta ining were done by 
Lerlene Taylor and Doris Wood , histo logy technicians in the Depa rtment 
of Oral Pathology . The secti ons we re examined and the findings repo rted 
to the autho r by D r .  John A .  Svi rsky ,  As s i s tant Profes s o r ,  Oral Pa thol-
ogy. 
Pro l ine Uptake 
Mice immunized in one foot with HSA as described we re cha l lenged 
w i th 10 �g HSA/50 �l s a l ine in both fee t . Immediately fo llowing ant igen 
cha l lenge , the mice were inj e cted intraperitoneal ly with 5 �Ci 14C-
prol ine (New England Nuc lear #NEC-285 -E , spe c i f i c  activity 250 mCi/ 
mmole) . One week later the tendons from both feet were removed , dehy-
drated , we ighed , and d i s s o lved in Protoso l ,  a t i ssue solub i l izer (New 
England Nuclea r ,  #NEF-935) , and pla ced in Econo fluo r , a compatible 
s c inti l lat ion cockta i l  (New England Nuclea r ,  #NEF-941) . The samples  
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were counted in a Beckman LS- 350-T Beta Counter and the results 
standa rdized on the ba sis o f  weight . 
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RESULTS 
Swe l l ing Response Fol lowing Distal Cha llenge 
Anima l s  we re immunized in one foot with HSA in FCA , and in the 
other foot with s a l ine . Thi s  ha s previously been shown to result in 
anti gen retent ion on flexor and extensor tendons of the inj ected feet 
( Tew and Mande l ,  1 9 7 9 ) . The mice were then cha l lenged with 1 0  �g HSA in 
sal ine adminis tered intraperitonea l ly .  The feet of these mice were 
measurably swol len within one hour (Figure 1 ) .  The swel l ing response 
peaked at 6 hours and then began to decl ine , al though at 48 hours , when 
the experiment wa s termina ted , the feet were s t i l l  s igni fi cantly 
swol len . Control mice cha l lenged with s a l ine or a heterologous antigen 
did not swel l .  
In a second experiment , footpad immunized mice were again cha l ­
l enged with ant igen administe red a t  a s ite d i s t a l  t o  the s ite of antigen 
retent ion . I n  this ins tance a spec i a l  curved gavage needle with a 
rounded , bulbous end was passed down the esophagus into the stomach . 
The ant igen wa s then del ive red d i rectly into the stomach and the needle 
wi thdrawn . Footpad swe l l ing was monitored a s  before . Significant 
swe l l i ng ,  a s  compa red to cont rol anima l s , was seen 6 hours a fter 
antigen cha l l enge (Figure 2 ) . Although the expe riment was again ended 
a fter 48 hours , the swe l l ing in this instance had not appreciab ly 
les sened by that t ime . 
I n  both experiments , footpad swe l l ing wa s found to be spec i f i c a l ly 
induced only by cha l lenge with the s ame antigen used for immunization . 
Heterologous antigen , EA , when administered in an identical  manne r ,  
e l i c i ted no swe l ling response .  Footpad swe l ling was a l so only seen in 
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Figure 1 .  The specific induction of footpad swe l l ing by antigen 
administered intraperi toneally . Three groups of mice immunized in 
both feet with 1 mg HSA in adj uvant (6 anima ls/group ) were 
studied: one group ( e---e ) was cha l lenged with 100 �g HSA in 
saline i . p . ;  the second group ( o---o ) was cha l l enged with 
100 �g EA in sal ine i . p . ;  and the last group ( o---o ) re ceived 
only saline i . p .  
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Figure 2 .  The specific induction of footpad swel ling by antigen 
administered by gavage . Two groups of mice immunized in both feet 
with 1 mg HSA in adj uvant (6 animal s/group ) were studied : one 
group ( o---o ) was cha l lenged with 1 00 �g HSA in s a l ine by 
gavage ; the second group ( .--. ) was cha l lenged with 100 �g EA 
in sa line by gavage . 
23 
7T 
61 
E 'I E 0 (/) 
f- 4 ' 
z 
::J 
3 
0 
<{ 
(l_ 
f-
0 2 
0 
LL 
6 24 48 
HOURS POST CHALLENGE 
24 
anima l s  tha t had antigen reta ined in the foot f rom ini tial  immuniza­
t ions . When no rmal mice or mice immunized intraperi toneally or sub­
cutaneously with antigen were cha l lenged intraperitonea l ly with the same 
antigen , no footpad swe l l ing response was detectable (Figure 3 ) .  
Hype rsens itivity o f  Foot Retaining Antigen 
Mice were immun ized in one foot with HSA a s  before . A seven-month 
interval between immunization and cha l l enge was a l lowed to e lapse to 
re inforce the long- term na ture of antigen retent ion . At the end o f  this 
period the mice we re inj ected in both feet with a cha l lenging dose of 
HSA ( 1 0 ng , 100  ng , o r  1 �g ) .  Footpad measurements were taken at  7 and 
26 hours post-cha l l enge . At the 1 0  ng and 100 ng dose , the foot con­
ta ining persis t ing antigen swe l led mea surab ly ; this was appa rent 
at 7 hours post- chal lenge (Figure 4 ) .  I n  contrast , these  l ow doses 
e i ther fa i led to induce swel l ing o r  swell ing was minima l in the foot 
p r imed with s a l ine . At the highe r 1 �g dose , both feet swe l led indi ­
cat ing that the unimmunized foot will  swe l l  when cha l lenged with a 
sufficiently la rge dose of antigen . I t  appears that ant igen retained 
in the foot s e rves to make the foot hypersens i t ive . Newly admini s tered 
antigen acts add i t ively with the antigen reta ined at  the s i te to induce 
an inflamma tory rea ction in the immune mouse . 
Histologi cal  Eva lua t i on of  Hype rsens itive Feet 
Ea rly attempt s  at  del ineat ing the histology of  footpad swe l l ing ran 
into prob l ems . I t  had previously been reported by Fox and Glynn ( 1 9 7 7 )  
that anima l s  must exhibit  potent DTH t o  e l i c it  ant igen- induced 
a rthrit i s . The s ame phenomenon wa s ob served in this mouse mode l ; 
footpad swe l l ing was only seen when mice were immunized with antigen 
emul s i fied in FCA . Freund ' s  complete adj uvant , a mixture of o i l s  and 
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Figure 3. Absence of induction of footpad swel ling in mice 
lacking antigen retained in the foot . Three groups of mice were 
studied (6 animal s/group): ( .--. ) immunized twice with 1 mg 
HSA in adj uvant i . p . ,  chal lenged with 10  wg HSA i . p . ;  ( o---o ) 
immunized twice with 1 mg HSA in adj uvant subcutaneously , 
challenged with 10 wg HSA i . p . ;  ( o---o ) non-immune anima l s , 
chal lenged with 10 wg HSA i . p .  
E 
E 
0 
(f) f-
z 
:::> 
0 
� 
(l_ 
t­
o 
0 
lL 
6 
26 
24 48 
HOURS POST CHALLENGE 
27 
Figure 4 .  Footpad swel ling elicited with nanogram levels of  
antigen in feet retaining antigen . Mice were primed and boosted 
with HSA in one hind footpad and were cha l lenged 7 months later by 
inj ecting HSA in both hind footpads . Different group s of mice 
received 1 0  ng and 1 �g of HSA in 50 �l saline . Footpad swel ling 
was measured at 7 and 26 hours post-cha l lenge . The fil led bars 
represent the response in feet used for priming and open bars 
represent the unprimed contralateral feet . 
28 
5 
E 
E 
c) 
...... 
3 
(j) 
f-
z 
::::> 
0 2 <! 0.. 
f-
0 
0 
LL 
10 ng 100 ng I JJ9 10 ng 100 ng I JJg 
7 HOURS 26 HOURS 
29 
mycobacterium , was used for its we l l-documented abi li ty to induce a 
strong DTH reaction when s tudying prepa red histo logy sections of  
swo l len t i s sue ; howeve r ,  it  was  extremely d ifficult to c learly 
dis t inguish between c e l l s  p resent in the t i s sue a s  a result o f  the DTH 
reaction and those p resent as a result o f  a spe c i f i c  inflammatory 
response to the inducing antigen . 
To c i rcumvent this problem , mice were immunized at a s i te far 
removed from the feet . Therefore , in these experiments the antigen­
adj uvant emuls ion was inj ected in the loose skin of the nec k .  A 
granulomatous nodule indicative o f  a potent DTH response could be felt 
at  the s i te after the immunization procedure was complete . Two weeks 
later HSA in s a l ine wa s inj e cted in one foot to depo s i t  antigen on the 
tendons ; the other foot , which served as contro l , rece ived s a l ine . 
After another two-week period the mice were i nj ected with 1 0  �g HSA in 
both feet . Footpad measurements were taken a t  1 ,  6 ,  24 , and 48 hours 
(Tab l e  1 ) . By comp a ri son , histology appears to be a more sensitive 
means of ana lys i s . Para f f i n  sections o f  the excised pad , s ta ined with 
hematoxylin and eos in , showed that the foot retaining antigen p rogressed 
from a n  acute inflammatory response , indicated by the presence o f  poly­
mo rphonuc lear neutrophi l s  a t  6 hours , to a chronic inflammation cha r­
acterized by the p redominance of lymphocytes  and blast  cells  s t i l l  
present a t  4 8  hours post-cha l lenge . In contra s t , the control foot 
without retained antigen showed only s l i ght edema at 1 hour post­
chal lenge . This wa s p robably the result of  trauma incurred as a 
consequence o f  the inj ection . No inflammatory c e l l s  were seen in this 
foot and the e dema qui ckly resolved . 
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TABLE 1 
His tologic Cha racterization of Inflammation Seen in the 
Foot as a Result of D i rect Cha llenge with Antigen 
Foot with Footpad Maj o r  Other Inflammatory 
reta ined Aga units  cell  type c cell  type response 
1 hrb 4 . 8  none none none ( s ome 
edema) 
6 hr 3 . 8  PHN some lymphs acute 
24 hr 0 . 6  lymphs necroti c  PHNs mixed 
48 hr 0 . 6  lymphs none chroni c 
2 weeks N . D .  none few none 
a 
b 
c 
S ixteen mice were immunized twi ce , over a 14-day period , with 1 mg 
HSA in FCA sub cutaneously in the loose skin of the neck . Two weeks 
later one foot wa s inj ected with 10 �g HSA in s a l ine (foot with 
anti gen reta ined on tendon) ; the other foot rece ived s a li ne a lone . 
A l l  anima l s  were cha l l enged with 1 0  �g HSA in s a line in both feet 
at s ta rt of experiment . Footpad mea surements were taken a t  1 ,  6, 
24 , 48 , and 336 hours post cha l l enge . At each time point two mice 
we re k i l led by cerv i c a l  d i s location and the i r  feet proces sed for 
h i s to lo gy . 
Pa raffin sections of the feet were cut at each t ime po int and 
stained with hematoxylin and eosin . 
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Indicat ions o f  Col lagen Remode l ing 
Other resea rche rs in the field  o f  antigen- induced a rthritis  have 
found a di fference in sus ceptib i l ity to the development of the disease 
in di fferent mouse s t ra ins (Bra ckertz , Mitchel l ,  Vada s , Ma ckay , and 
Mi l l e r ,  19 7 7 ; Brackertz , Mitche l l ,  and Ma ckay , 19 77) . They found 
C5 7B1/6 and BALB/c mice we re sus ceptible to antigen- induced a rthrit i s  
whe reas CBA m i c e  were res i s tant . 
In our expe rience , a l l  three mouse stra ins ( CBA , BALB/c ,  and 
C5 7B1/6) showed the deve lopment of an inflammatory s tate a fter antigen 
cha l lenge a s  a consequence o f  reta ined antigen in the foot . However ,  
visual examina tion o f  tendons f rom the CBA mice , even at  the peak of  the 
inflammatory response (24 to 48 hours after antigen cha l l enge ) ,  did not 
reve a l  s igni f i cant damage . In contra s t , at the height of the response 
the tendons of BALB/c mice and C57B1/6 mice had lost  the i r  normal 
dens i ty and o rganized structure . To assess  collagen damage and sub­
sequent repa i r ,  prol ine turnover in the tendons was moni tored in both 
s t ra ins of mice . Footpad- immunized CBA and C57B1/6 mice were cha l l enged 
with antigen only in the left hind foot . The right foot rema ined as a 
contro l . At thi s  time the mice we re a lso  inj e cted with 14C-prol ine 
i ntrape ri tonea l ly .  One week later the tendons we re removed , dried , 
wei ghed , d i s s olved , and the 1 4c present in the tendon was measured . As 
indi cated in Table 2, the ratio o f  14C-prol ine uptake in the left  and 
right tendons of CBA mice wa s one . Thi s  is compatible  with the lack of 
damage seen in the tendon. In contra s t , the C57Bl/6 mice had twice as 
much 1 4C-prol ine in the inflammed tendon whi ch is compat ible  with 
col lagen remode l ing . 
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TABLE 2 
Effect of Footpad Swe l l ing on 1 4C -prol ine Inco rporation in 
Tendons of CBA/J vs . C5 7B1/6 Mice 
Mouse straina Ratio of 
1 4C -prol ine in tendon of left footb 
14c-prol ine in tendon of right foot 
CBA/J 1 . 00 ± 0 . 07 
C5 7 B 1/6 2 . 04 ± 0 . 05 
a 
b 
Mice ( 4/group ) were immunized twice , at 14-day intervals, with 5 0  wg 
of human serum a lbumin mixed with Freund ' s  complete adj uvant . 
Immunizations were in the left foot onl y .  Two weeks later 
both feet were cha l lenged with 10 wg human serum a lbumin . 
Five wCi  1 4C -p roline was inj ected intraperitoneally at the time of 
antigen cha l lenge . The flexor tendons were removed one week later . 
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Effect o f  Repea ted Distal  Cha l lenge 
I t  appears  that tendons which reta in antigen are damaged and 
unde rgo repa i r  as e i ther the result of the d i rect interaction of newly 
administe red anti gen with antigen a l ready reta ined in the foot or a s  
the result o f  the ensuing inflammatory response . The refore , the e ffect 
on the foot of  repeated ep isodes of  inflamma tion , in thi s case triggered 
by d i s ta l ly admini stered antigen was studied . 
BALB/c mice were immunized in one foot with HSA in FCA , whi le the 
other foot rece ived s a l ine . The mice were cha llenged biweekly with 
1 00 �g HSA intraperitonea l ly begi nning a t  week 1 .  Footpad measurements 
of both feet were taken immediate ly prior to administering each 
anti geni c cha l lenge . The foot with retained antigen swe l led following 
the initial  anti gen cha l lenge (Figure 5) and continued to swe l l  even 
further fol l owing the second and thi rd cha llenge (weeks 3 and 5 ) . 
Fol l owing subsequent antigen cha l lenge this foot did  not swe ll  any 
furthe r ,  but rema ined at this maxima l leve l through week 18 . It is very 
exciting to note that this foot with reta ined antigen i s  beginning to 
show deformative a rthr i t i c - l ike changes at the gross l eve l . The foot 
i t s e l f  is puffy ; the extensor tendon i s  visibly taut and has pulled the 
toes at odd , unnatura l angles . The ankle a l s o  appears to be invo lved . 
Although the j o int i s  sti l l  fluid , the ankle i s  ext reme ly red and 
swo l l en .  Furthe rmo re , any movement of  the ankle seems to cause some 
d i s comfort to the anima l . 
The foot without reta ined antigen did  not swe l l  fol l owing the first  
four cha l lenges (Figure 5 ) . Howeve r ,  at week 12 ,  this  foot  also  began 
to swel l  and by week 18  swe l led a lmost a s  much a s  the foot with 
reta ined anti gen . I n  view o f  the deformative changes seen in the foot 
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Figure 5 .  Continued increases in footpad swel ling seen in mice 
chal lenged repeatedly with antigen . Twenty BALB/c mice were 
immunized twice , at 14-day intervals , with 1 0  �g HSA emu lsif ied in 
FCA (LFP , .__. ) . The control foot received saline 
(RFP , o---o ) .  A l l  mice were chal lenged biweekly with 1 0 0  �g 
HSA intraperitoneally .  Prior to chal lenge , footpad meas urements 
were taken . The swel ling , in footpad units , was calculated for 
each foot , and the mean for the group was plotted versus time . 
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with retained ant igen , it would seem ent i rely poss ible that , as with 
human a rthri t i s , the condition i s  secondarily man i fe s ting i t s e l f  in the 
contralatera l  j oint . 
Herpes S implex Vi rus Model 
I n  this work , mice were routinely immunized twi ce in one foot with 
a HSV- 1 vaccine that wa s free of a l l  detectable nuc l e i c  a c i d  (Kitces , 
Morahan , Tew , and Murray , 1 9 7 7 ) . Ten days after immuniza t i on the mice 
we re cha l l enged with l ive vi rus on the l ip .  The ma in thrust o f  this 
work , conducted by Te rry Thomson , was d i rected towa rd a s s e s s i ng the 
protec tive capac ity of d i f fe rent vaccine prepa rations . During the t ime 
frame o f  the expe rimental protocol i t  was noti ced that the feet of these  
mice  swe l l ed f o l l owing labial  cha l lenge with l ive vi rus . Footpad 
swe l l ing a s says , similar  to those  done in the HSA model but fo llowed 
over a period of 20 days were the refore carried out . Three gene ra l 
patterns o f  response eme rged with these  mice (Figure 6 ) . Thi rty- two 
pe rcent of the mice gave a response s imilar  to that shown in panel A .  
Unl ike the HSA model where swe l l ing occurred wi thin 1 hour , detectable 
footpad swe l l ing in the HSV sys tem did  not become appa rent unt i l  two to 
four days after  cha l lenge . Thi s corresponds to the peak period o f  viral  
rep l i cation . After a period o f  8 days , the swe l l ing appea red to sub ­
s ide . Anothe r group of mice , 26% , represented by pane l B a l so  showed an 
initial  response two to four days after cha l lenge , but these anima l s  
seemed to unde rgo seve ra l cyc l i c  recurrences o f  inflammat ion which could 
be due to shedding o f  l ive vi rus from the gangl ia . Fina l ly ,  a s  can be 
seen in panel C ,  the re were a lways s ome mice , 42% , that did not respond 
s igni f icantly to labial  cha l lenge . 
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Figure 6 .  Three pa tterns of footpad swe l l ing obta ined i n  i mmune 
mice fol lowing l ip infection with herpes s implex v i rus . M i ce we re 
immunized twi ce in one foot , once w i th a HSV- 1 vacc ine p repa ra t i on and 
adj uvant , and once with the va cc ine a lone . Ten days l a t e r  they 
were cha l lenged w i th 1 0 6- 1 0 7 PFU of l ive v i rus on the l ip . Footpad 
swe l l ing was f o l l owed ove r a 1 6 - day period . Spe c i f i c  footpad swe l l ing 
c a l culated and the mean ± S . E .  is shown in footpad uni t s . 
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The swe l l ing response wa s found to be a s sociated with labia l 
cha l lenge with l i ve vi rus . I f  va ccine- immun ized mice were cha l lenged 
with U . V . - inactivated vi rus , no appreciable response was seen 
(Figure 7 ) . Likewi s e , no swe l l ing wa s seen when mice immunized with 
va ccine were cha l l enged with HEp-2 c e l l s , the c e l l  l i ne used to grow the 
vi rus for vaccine preparation (Figure 8 ) . Footpad swe l l ing wa s a l so 
found to be a s sociated only wih anima l s  that had been immunized with 
vaccine and p resumably had antigen on the tendon s ince mice immunized 
with s a l ine and adj uvant and subsequently cha l l enged with l ive vi rus 
showed no swe l l ing (Figure 9 ) . The inflammed feet of representat ive 
mice were checked for the abi l i ty to grow l ive vi rus and none wa s found . 
I t  would seem tha t the inflamma tion wa s not due to an infection in 
the foot , but wa s the result of a local hyp ersens i t ivity reaction . 
Some of  the mice in Group B ,  those undergoing several  cycles  of 
inflammat ion , were obs e rved ove r  a four-month pe riod . A t  the end of  
that  period , the feet  of  these  mice had  unde rgone gro s s  deforma t ive 
changes s imi l a r  to those seen in a rthr i t i c  patients (Figure 1 0 ) . 
Radiographs of the feet , taken with a sma l l  X- ray unit in the dental 
schoo l , were interp reted by Dr . Ann Browe r ,  a faculty membe r in the 
Radiology Department at  HCV , as showing definite shrinking of the j oint 
space , an early change often seen in a r thri tics . 
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Figure 7 .  Footpad measurements obta ined in immune mice f o l l owing 
l a b i a l  cha l lenge w i th U . V . - inactivated vi rus . Mice were immunized 
twice in one foot , once w i th a HSV- 1 vaccine p repa rat ion and 
adj uvant , and once with va c c i ne a lone . Ten days l a t e r  they were 
chal lenged with 1 0 6- 1 0 7 PFU o f  U . V . - inactivated v i rus  on the l ip . 
Footpad swe l l ing wa s fol lowed ove r a 1 6-day period . Spec i f i c  
footpad swe l l ing wa s calculated and the mean ± S . E .  i s  s hown i n  
footpad uni t s . 
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Figure 8 .  Footpad mea surements obta ined i n  immune mice fo l l owing 
l a b i a l  cha l l enge w i th c e l l  antigen . Mice we re immunized twice in 
one foot , once with a HSV- 1 vaccine p repa r a ti on and adj uvant , and 
once w i th vaccine a lone . Ten days l a t e r  they we re cha l lenged on 
the l ip w i th HEp-2 ce l l s , the c e l l  l ine used i n  the vacc ine 
p repara t i on .  Footpad swe l l i ng was  fo l l owed ove r  a 1 6 - day  period . 
Spe c i f i c  footpad swe l l ing was c a l cu l a ted and the mean ± S . E .  i s  
shown i n  footpad uni t s . 
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Figure 9 .  Lack of footpad swe l l ing obta ined in mice  rece1v1ng 
only adj uvant p r i o r  to l ip infect ion with herpes s impl e x  v i rus . 
Mice were i nj ected once with s a l ine and F reund ' s  comp l e t e  
adj uvant . Ten days l a t e r  they were chal lenged with } Q 6- } Q 7 PFU o f  
infe c t i ous vi rus o n  the l ip .  Footpad swe l l ing was f o l l owed ove r a 
1 0-day period . Spe c i f i c  footpad swe l l ing was c a l culated  and the 
mean ± S . E .  is shown in footpad  uni ts . 
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Figure 10 . Gross examination o f  deformative changes seen in a 
group o f  mice ove r a four-month period as a result of repetit ive 
cycles of inflamma tion . Mice in this group were immunized twice 
in one foot , once with a HSV- 1 vaccine prepa ration and adj uvant 
and once with va ccine a lone . Ten days later they were cha l lenged 
on the l ip with 106- 107 PFU of l ive virus . 
A :  Changes after two months post- infection . 
B :  Changes a fter four months post-infection . Foot on left 
s ide of  photograph received inj ection of v� ccine . 
4 7  
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DISCUSSION 
The results p resented in this the s i s  a re an extension of earl i er 
wo rk done by Tew and co-workers on antigen retention . They reported 
tha t ant igen i s  reta ined in the ge rminal centers of  lymph nodes 
on fol l i cular  ant igen-binding dendritic  cel l s  ( Tew and Mandel ,  1 9 7 9 ; 
Mandel ,  Phipp s , Abbot , and Tew , 1 98 1 ) . Anti gen retained a t  this s ite 
p l ays a ro le with spe c i f i c  ant ibody in a regulatory feedback sys tem 
which mainta ins ant ibody level s  (Tew , Se l f ,  Ha rold , and Stavitsky , 1 9 7 3 ; 
Tew and Stavitsky ,  1 9 74 ; Greene , Tew , and Stavi tsky , 1 9 75 ; Tew and 
Mande l , 1 9 7 8 ) . 
I t  was a l s o  repo rted by this group that anti gen i s  reta ined in the 
feet of animal s  immunized via footpad inj ections (Tew , Mande l , and Rice , 
1 9 80 ) . The maj o r  s i te of antigen local ization i s  the l ong flexor tendon 
near the s i te of inj ection . Howeve r ,  the extenso r  tendon , which i s  
separated f rom the inj e ction s i te b y  the metatarsal  bones , a l s o  reta ins 
s i gn i f i cant amounts o f  antigen . 
The role p l ayed by ant igen reta ined on tendons and othe r 
collagenous surfaces i s  s t i l l  being questioned . I t  ha s been suggested 
that the chronic i ty a s s o c iated with rheumatoid a rthri t i s  i s  att ributable 
to the persis tence o f  ant igen a s  immune comp lexes on col lagenous 
surfaces ( Cooke , Hurd , Z i f f , and Ja s i n ,  1 9 7 2 ; Jasin and Cooke , 1 9 7 8 ) . 
Immunfluores cence studies  conducted on fresh biopsies o f  hya l ine 
articular carti lage and men i s c i  from patients with c l a s s i c  rheumatoid 
a rthritis  show posi tive sta ining for human immunoglobul in and compl ement 
in 92% of the samples  ( Cooke , Hurd , Ja s i n ,  Bienenstock , and Z i f f , 1 9 75 ) . 
Thus , a rthrit i s  could be cons idered an immune comp lex disease . The 
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consequences o f  this disease  i s  damage at the s ite of ant igen retent ion 
and subsequent complex depos ition , namely collagenous t i s sue . 
Some resea rchers fee l that bacte rial  c e l l  wa l l  antigens a re 
retained in the anima l a s  a consequence o f  a p r ima ry infection . They 
believe tha t thes e  bacter i a l  cell  wa l l  fragments , which contain 
peptidoglycan , may be perpetuat ing chronic  a rthri t i s  (Hadler , 1 9 7 6 ; 
Ginsburg , 1 9 7 7 ; Bennett , 1 9 78 ) . I ndeed expe rimenta l ly ,  chroni c 
a rthr i t i s  wa s induced in rats fol lowing systemic  inj ect ion o f  
st reptococcal  c e l l  wa l l  fragments ( C roma rtie , C raddock , S chwab , Anderle , 
and Yang , 1 9 7 7 )  and in rabbits  fol lowing intra - a rticular inj ection o f  
s t reptococcal  cell  wa l l  (Schwab , Croma rtie , Ohanian , and C raddock , 
1967 ) . The persi stence o f  bacte r i a l  cell  wa l l  fragments o ffers an 
attractive answe r to questions concerning the etiology of  rheuma toid 
arthriti s .  Cons ide ring reta ined bacte r i a l  ant igens a s  the etiologic  
agent o f  rheuma toid arthritis  not  only encompasses  the long- l ived 
susp i c ion of a bacte r i a l  origin , but a l so exp l a ins the inab i l i ty to 
routinely i s o late infectious o rganisms from a rthri t i c  les ions . The 
incidence of a rthr i t i s  in swine as a consequence of natura l ly-occurring 
E .  ins idiosum infection when coupled with the experimenta l data 
gene rated us ing this mode l f i rmly reinforces this theory ( I nt roduct ion : 
E rys ipelas  a rthr i t i s  of swine ) . 
Othe r resea rchers , however , question whethe r pers i s ting antigen o f  
any type c a n  s o l e ly a ccount f o r  the chronicity o f  arthri ti s .  I t  has 
been shown tha t antigen i s  reta ined in the immune anima l rega rdless  o f  
the adj uvant used for  immunization . Howeve r ,  chronic  synovitis  
fol lowing anti gen cha l lenge only deve lops in anima l s  showing DTH a s  a 
result o f  immunization with ant igen in FCA (Mena rd and Dion , 1 9 7 6 ; Fox 
s o  
and Glynn , 1 9 7 7 ) . Glynn ( 1 9 72 ) , therefore , suggests  that c l a s s i c  
rheuma toid a rthri t i s  i s  a two-pha se disease . Phase  one ( 6  to 1 2  months ) 
results f rom antigen retention in the j oint . As a result o f  a local  
immune response to the reta ined antigen an inflammatory rea ction i s  seen . 
He be l ieves that only those patients with a genetic  predisposit ion 
progre s s  to pha se  two . Phase  two (past 1 2  months ) is bel i eved to result 
f rom the deve lopment o f  autoantibodies to determinants exposed during 
the i n i t i a l  inflammatory pha se ( G lynn , 1 9 72 ) . 
I n  the system presented in this thes i s , histologic  examina t ion o f  
the tendons and surrounding tissues from footpad immunized m i c e  did  not 
indicate that reta ined antigen was med ia ting any detectable damage . 
This would be cons i s tent with the view that reta ined antigen a lone i s  
not sufficient t o  induce a rthr i t i s . The experimental  data p resented , 
however ,  ind i cates  tha t reta ined antigen ha s rendered the local  s i te 
hype rsens it ive , and the refore subj ect  to ep i s odes of  swe l l ing upon 
cha l l enge with minute quantities  of spec i f i c  antigen (Figure 4) . The 
data further showed tha t the antigenic cha l lenge could a rrive at the 
s ite of retention via the c i rculat ion from a remote area of the body and 
s t i l l  cause a spe c i f i c  inflammatory response (Figures 1 and 2 ) . I f  
anima l s  are repeatedly cha l l enged over a series  o f  months with d i s ta l ly 
admini stered ant igen , the foot with antigen reta ined on the tendon 
swe l l s  dra s t i ca l ly and remains swo l len without s igns of s igni f i cant 
reduct i on (Fi gure 5 ) . The control foot without reta ined antigen shows 
l i ttle  inflammat ion for the first  nine weeks , but then begins to swe l l . 
By week e i ghteen , the response seen in this foot approaches the amount 
of swe l l ing seen in the foot with reta ined antigen . Pe rhaps l ike the 
human a rthr i t i c  condit ion , our anima l mode l a l s o  leads to involvement o f  
the contralateral j oint . 
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The abi l i ty to induce inflammat ion i n  the foot by antigen ad­
ministered int rape ri toneally o r  by gavage i s  a very important find ing . 
This i s  espe c i a l ly t rue in l ight o f  the numbe r  o f  human diseases  o f  
ga s t rointes tina l  origin ( ten) which a re a s s oc ia ted with a rthr i t i s  a s  a 
commonly occurring seconda ry comp l i cation ( Bennett ,  1 9 78 ) . Microb i a l  
products from a gas t ro inte s t ina l ,  respi ratory ,  o r  other type o f  in­
fect i on could , therefore , s e rve a s  a source of spe c i f i c  ant igen . Re­
infection o r  even re-exposure to the s ame organism could then p rovide 
the antigen i c  s t imulus to trigger swe l l ing at  the s i te o f  ant igen re­
tention . Thi s  s equence o f  events a l s o  exp l a ins how epi s odes of 
a rthri t i s  could occur in the absence o f  an infection a t  the inflammed 
s ite . 
Data has a l s o  been presented for wha t appears to a model for 
antigen retenti on and induction o f  local hypersens i t ivity with an 
infectious agent (Figure 6 ) . Cha l lenging mice on the l ip with HSV- 1 
causes inflammation o f  the feet o f  those  mice whi ch were p reviously 
immunized in the feet with a vira l  va ccine . Admi ttedly , not a l l  vacc ine 
immunized mice  showed an inflammato ry response when cha l l enged with 
HSV- 1 . Howeve r ,  it  i s  s igni f icant that 5 8% of the mice showed hyper­
sens i t ivity a s  measured by footpad swe l l ing . I t  i s  a l s o  extreme ly 
important to note tha t 5 4% of the mice showing inflamma tion of the foot 
later exhib i ted j oint deformities detectable visua l ly (Figure 1 0 )  and on 
radiographs . 
C o l lagen laye rs may p resent a non-phagocytosable surface which 
protects antigen f rom phagocyt i c  c e l l s  and promotes long- term antigen 
retention . Although antigen reta ined a s  immune complexes bound to 
c o l lagen a re not subj ect  to phagocyto s i s , they do s t imulate  
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degranulation o f  neutrophils  and subsequent release of  bioactive sub ­
s tances (Hawkins , 19 7 1 ;  Uga i , Z i f f ,  and Jas in , 1 9 79 ) . The sub stances 
released include the lyso zymal enzymes ,  a lka l ine phosphatase , 
B- glucuronidase and lacta te dehydrogenase (Henson , 1 9 7 1 ) . 
When antigen is introduced into the feet of anima l s  retaining 
antigen , the f i r s t  cellular response seen histological ly is  the 
infiltration o f  PMNs (Tabl e  1 ) .  These  PMNs could account for the 
twofold response s een in the foo t .  I t  i s  highly l ikely that lymphoi d  
c e l l s  which appear at  the s ite by 24 hours a re in response t o  
chemoattra c tants released b y  the PMNs during degranulation . I t  i s  a l s o  
p o s s ib l e  that c o l lagen damage and the related p ro l ine turnover s een i n  
col lagen repa i r  (Tab l e  2 )  is  the result o f  the action o f  PMNs o r  the i r  
released products , o n  antigen retained at  that s ite . 
I n  the HSV- 1 s tudies , looking at the extended e ffect o f  antigen 
retention and repeated cyc les  o f  inflamma tion , a rthrit i c  j o int damage is 
seen to deve lop in  the foot (Fi gure 1 0 ) . I n  the HSA system , when the 
long- te rm s tudy on the e ffect of  repeated distal  cha l l enges is 
comp leted , I b e l i eve tha t histology and radiology performed on the feet 
of  these  mice will document a rthritic  pathology . Additiona l ly ,  serum 
wi l l  be c o l lected f rom these anima l s  and tested for ant i - c o l l agen 
antibody to determine if the foot without retained anti gen became 
involved as a result of an auto immune response . I t  i s  possible  that a s  
a result o f  s ites  on the collagen surface repeatedly exposed to the 
immune system , ant i - c o l l agen antibodies a re gene ra ted . I t  has been 
shown in rats (Trentham , Townes ,  and Kang , 19 7 7 )  and in  mice (Courtenay , 
Da l lman , Dayan , Ma rtin , and Moseda le , 1980)  that immunization with 
heterologous col lagen induces a rthritis . This correlates nicely with 
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s tudies  done o n  patients with rheumatoid a rthri t i s . Ninety-seven 
pe rcent of  the patients exhibited antibody to native and denatured 
col lagen (Andriopoulos , Mestecky , M i l le r ,  and Bradl ey , 1 9 76 ) . 
I t  would seem a reasonabl e  conc lusion f rom the data p re sented that 
antigen retaine d  in the foot on c o l la genous surfaces plays a role i n  the 
etiology of rheumatoid a rthri t i s . The antigen can be an ea s ily 
degradable p rote i n ,  o r  a comp lex antigen of  viral  origin o r  bacte r i a l  
origin . The antigen i s  mos t  l ikely absorbed through the ga s t ro ­
inte s t i na l  t ract  a s  a result of  a p rima ry infection at  s ome d i s t a l  s i te . 
Upon re-exposure to the s ame antigen , a local  immune response o c curs . 
The s i te becomes inflammed , collagen remode l ing takes place , and then 
the response sub s i des . Fol l owing repeated epi sodes of inflammat ion , 
sus ceptib le subj ects begin to show damage to the involved j oint . 
Presumably , the damage i s  the result o f  an autoimmune response a ga inst  
c o ll a gen . So , a lthough retained antigen a lone does not appear to cause 
any damage , it does seem to p lay a key role in the cha in o f  events 
leading to the chron i c  j oint degene ration in rheumatoid a rthr i t i s . 
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SUMMARY 
The patho genetic  mechani sms responsible for the initia t ion o f  
rheumatoid a rthritis  remain obs cure . The data presented s upport a 
pathogenet i c  mechanism whi ch could exp l a in many o f  the pecu l i a r  features 
o f  rheumat i c  disease . Antigen reta ined in c o l la genous t i s sue o f  immune 
animal s  renders the surrounding local  s ite spe c i f i c a l ly hypersens i t ive . 
I t  i s  l ikely that the quantity o f  antigen pe r s i s ti ng in the t i s sue 
app roa che s the concentration neces sary to trigger an inflammatory 
respons e .  A minute amount o f  additional ant igen , acti ng i n  conj unct ion 
w i th the reta ined anti gen , has been shown to e l i c i t  inflamma t ion . The 
quan t i ty o f  add i t iona l antigen appears to be so sma l l  that adequate 
amounts may be released into the c i rculation from the ga s t ro intestina l 
tract o r  f rom an infectious proce s s  at a distal  s ite in the body . This  
propos ed mechanism could exp l a in recurrent ep i sodes o f  a cute a rthr i t i s  
in the absence o f  phys i c a l  t rauma o r  an infectious p rocess  a t  the 
a f f l i cted s i te . Furthe rmore , recurrent episodes of a cute inflamma tion 
could lead to the deve lopment o f  ant ibody to host c o l lagen , thereby 
inducing a chronic degene rative autoimmune disease . 
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